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Density, ultrasonic velocity and viscosity measurements have been made of 
(i) ovalbumin- phoi^hate buffer (pH 2.4, 7.0 and 8.9) systems, 
(ii) ovalbumin-maltose (1.5M)-phosphate buffer (pH 2.4, 7.0 and 8.9) systems 
and 
(iii) amino acids (L-valine/L-serine)-urea (O.IM)-water ^stems 
as functions of temperature and concentration of ovalbumin/amino acid in tiieir 
re^)ective systems. 
The densities of tiie said systems as usual have been found to increase with 
increase in ccmcentration and decrease with increase in temperature. The ultrasonic 
velocities increase with temperature and concentration. This may be attributed to 
tiie fact that the increase in temp^mture causes increase in tiie intermolecular 
distances resulting in an increase in tiie diermal motion of die molecules while an 
increase in concentration causes increase in the intermolecular interaction in the 
solutions. 
From the density and ultrasonic velocity data, various derived parameters 
such as adiabatic conq)ressibility O,), change in adiabatic compressibility (AP) 
and its relative change Or)> specific acoustic impedance (Z),Wada's constant (B) 
and molar sound velocity (R) have been evaluated. The adiabatic c(»npressibility 
Os) in all the systems decreases with temperature as well as concentration. In case 
of ovalbumin-maltose buffer system, a marked decrease in the values of % (fi'om 
tiiose of system i) has been observed . This may be due to die presence of 
inc<Hiipressible sugar molecules in die system (ii). The decrease in compressibility 
with temperature may be due to die titiermal nqiture of the solvation layer around 
the solirte molecules. Hie plots of relative change in compresability 3r as a 
fimction of concentration show diat die intercepts are in the vicinity of zero in die 
systems (i) and (iii) indicating the presence of weak interaction due to very dilute 
nature of die systems. In case of ^sterns (ii) , the intercepts are a w ^ fix)m zero 
indicating the presence of strong interactions (or die sbiengdiening of hydrophobic 
interaction ) due to the presence of sugar maltose. The q)ecific acoustic inq>edance 
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(Z) and the molar sound velocity (R) both increase witfi tempoature as well as 
concentration of the solution. The plots of Z and R show a linear relationship of 
tiiese parameters with concentration again indicating an almost ideal nature of the 
systems (i) and (iii) due to extremely dilute solutions. Wada's constant, B, also 
increases witfi temperature as well as concentration of tiie solutions. 
The partial specific volumes (v**) and compressibihties (P,) of the systems 
(i) and (ii) were calculated from density and ultrasonic velocity The values of 
partial specific volume and compressibility of compact native form of protein are 
0.743 and 10.2139, respectively, at pH 7.0 and 298.15 K. The extremes of pH and 
temperature causes denaturation of proteins. This is evident from the higher values 
of v° and Ps at pH 2.4 and 8.9. It is observed that the addition of maltose to the 
protein solutions decreases the values of v** and ps This may be attributed to the 
strengthening of hydrophobic interaction by maltose, resulting in the stabilisation 
of protein. 
The density and ultrasonic velocity data have also been enqjloyed to 
calculate the odier thermodynamic parameters such as isothermal compressibility 
(PT), internal pressure (Pj), solubility parameter (5), Pseudo-Griineisen parameter 
(r) and surface tension (a). The PT values calculated from McGowan's and 
Pandey's relations agree well with each other. These values follow the trends as 
seen for P, values. The values of PT are sUghtly higher than those of Ps- The 
internal pressure (PO and &e solubility parameter (6) both increase wiA increase 
in temperature due to an increase in the repulsive forces among the molecules of 
the solution. The increase in the values of F with increase in temperature seems to 
be associated with an increase in the kinetic eneigy of the system. The surface 
tension of any hquid is the direct consequence of its cohesive forces. The variation 
of temperature and concentration effect these forces, therefore, surface tension 
decreases witii increase in temperature and increase with increase in concentration. 
The viscosity and its derived parameters provide information regarding the 
shapes and sizes of the molecules. \^scosity of all the systems increases with 
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concentration and decreases with increase in temperature. The values of intrinsic 
viscosity, [r\] and shape factor, v, calculated for the system (i), at pH 7.0 and 
298.15 K arc 3.0793 ml/g and 3.0026, respectively, indicating flie globular form 
of protein. The increase in temperature and variation of pH denature Ae protein, 
therefore , the values of these parameters were increased. The stabilizing action of 
maltose is evident from the lowering of the values of [r]] and v in the systems (ii) 
when compared to those at pH 2.4 and 8.9 in the systems (i) without maltose. The 
viscosity data for amino acid-urea-water systems were analyzed in terms of Jones-
Dole equation. The value of viscosity B-coefificient (always positive) does not 
provide any information about the structure-breaking or making ability of solute 
on solvent. The positive sign of dB/dT for L-serine shows its structure-breaking 
property on the solvent due to its polar side chain. The negative sign of dB/dT for 
L-valine shows its structure-making property due to its hydrophobic or non-polar 
side chain. 
Thus, the present study provides an information (i) regarding the 
stabilization of ovalbumin by sugar and (ii) the solute-solvent interactions in the 
amino acid-urea-water systems. 
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Density, ultrasonic velocity and viscosity measurements have been made of 
(i) ovalbumin- phosphate buffer (pH 2.4, 7.0 and 8.9) systems, 
(ii) ovalbumin-maltose (1.5M)-phosphate buffer (pH 2.4, 7.0 and 8.9) systems 
and 
(iii) amino acids ( L-valine/L-serine)- urea (0. IM) - water systems 
as functions of temperature and concentration of ovalbumin/amino acid in their 
respective systems. 
The densities of die said systems as usual have been found to increase with 
increase in concentration and decrease with increase in temperature. The ultrasonic 
velocities increase witii temperature and concentration. This may be attributed to 
the fact that the increase in temperature causes increase in the intermolecular 
distances resulting in an increase in the thermal motion of the molecules while an 
increase in concentration causes increase in the intermolecular interaction in the 
solutions. 
From the density and ultrasonic velocity data, various derived parameters 
such as adiabatic compressibility {%), change in adiabatic compressibility (AP) 
and its relative change (pr), specific acoustic impedance (Z),Wada's constant (B) 
and molar sound velocity (R) have been evaluated. The adiabatic compressibility 
Os) in all the systems decreases with temperature as weU as concentration. In case 
of ovalbumin-maltose buffer system, a marked decrease in the values of Ps (fi"om 
tiiose of system i) has been observed . This may be due to the presence of 
mcompressible sugar molecules in the system (ii). The decrease in compressibility 
with temperature may be due to tiie thermal rapture of the solvation layer around 
the solute molecules. The plots of relative change in compressibility Pr ^ a 
function of concentration ^ow that the intercepts are in the vicinity of zero in the 
systems (i) and (iii) indicating Ae presence of weak interaction due to very dilute 
nature of the systems. In case of ^stems (ii) , the intercepts are away fi"om zero 
indicating the presence of strong interactions (or the strengthening of hydrophobic 
interaction ) due to the presence of sugar maltose. Tlie specific acoustic impedance 
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(Z) and the molar sound velocity (R) both increase with temperature as well as 
concentration of the solution. The plots of Z and R show a linear relationship of 
these parameters with concentration again indicating an almost ideal nature of the 
systems (i) and (iii) due to extremely dilute solutions. Wada's constant, B, also 
increases with temperature as well as concentration of the solutions . 
The partial specific volumes (v°) and compressibilities (Ps) of the systems 
(i) and (ii) were calculated fi^om density and ultrasonic velocity. The values of 
partial specific volume and compressibility of compact native form of protein are 
0.743 and 10.2139, respectively, at pH 7.0 and 298.15 K. The extremes of pH and 
temperature causes denaturation of proteins. This is evident fi"om the higher values 
of v° and ps at pH 2.4 and 8.9. It is observed that the addition of maltose to the 
protein solutions decreases the values of v** and Ps This may be attributed to the 
strengthening of hydrophobic interaction by maltCFSe, resulting in the stabilisation 
of protein. 
The density and ultrasonic velocity data have also been employed to 
calculate the other thermodynamic parameters such as isothermal compressibility 
(PT), internal pressure (Pi), solubility parameter (5), Pseudo-Griineisen parameter 
(F) and surface tension (a). The PT values calculated from McGowan's and 
Pandey's relations agree well with each other. These values follow the trends as 
seen for Ps values. The values of PT are slightly higher than those of Ps- The 
internal pressure (Pi) and the solubility parameter (6) both increase with increase 
in temperature due to an increase in the repulsive forces among the molecules of 
Ae solution. The increase in the values of F with increase in temperature seems to 
be associated widi an increase in the kinetic energy of the system. The surface 
tension of any hquid is the direct consequence of its cohesive forces. The variation 
of temperature and concentration effect these forces, therefore, surface tension 
decreases with increase in temperature and increase with increase in concentration. 
The viscosity and its derived parameters provide information regarding the 
shq)es and sizes of the molecules. Viscosity of all the systems increases with 
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concentration and decreases with increase in temperature. The values of intrinsic 
viscosity, [TJ] and shape factor, v, calculated for the system (i), at pH 7.0 and 
298.15 K are 3.0793 ml/g and 3.0026, respectively, indicating the globulai form 
of protein. The increase in temperature and variation of pH denature the protein, 
therefore , the values of these parameters were increased. The stabilizing action of 
maltose is evident from the lowering of the values of [T ]^ and v in the systems (ii) 
when compared to those at pH 2.4 and 8.9 in the systems (i) without maltose. The 
viscosity data for amino acid-urea-water systems were analyzed in terms of Jones-
Dole equation. The value of viscosity B-coefficient (always positive) does not 
provide any information about the structure-breaking or making ability of solute 
on solvent. The positive sign of dB/dT for L-serine shows its structure-breaking 
property on the solvent due to its polar side chain. The negative sign of dB/dT for 
L-valine shows its structure-making property due to its hydrophobic or non-polar 
side chain. 
Thus, the present study provides an information (i) regarding the 
stabilization of ovalbumin by sugar and (ii) the solute-solvent interactions in the 
amino acid-urea-water systems. 
/ / \ 
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Oi^anisms tend to ad^t their specific proteins to function efficiently within 
their normal environmental temperature [1-3]. This generally implies that protems 
have a limited temperature range within which structural integrity is maintained. 
Outside this tiiermal ^ )an denaturation occurs with corresponding loss of function 
such as enzymatic activity. The thermal stabiUty of a protein can be changed 
intrinsically by the addition of suitable stabilizing agents. It has been known fw 
many years that sugars may protect proteins against loss of solubility during drying 
and may inhibit heat coagulation [4]. Simpson and Kauzmann [5] observed that the 
extent of denaturation of ovalbumin in urea solutions was reduced in the presence 
of sucrose. Gerlana and Stuur [6] showed tiiat the polyhydric alcohols raised the 
thermal transition temperatures of lysozyme and ribonuclease and Donovan [7] 
observed the stabilizing effect of sucrose on the proteins of egg white. Back et al 
[8] ^owed tiie increased Uiermal stability of proteins in &e presence of sugars 
and polyols. Arakawa and Timasheff [9] observed the structural stabilization of 
proteins through tfieir preferential interaction with tiie solvent components at h i ^ 
concentration of additives. 
It is widely believed that the native conformation of a protein molecule in 
aqueous solution is chiefly stabilized by the hydrophobic interactions [10-12], i.e., 
tiie tendency of non-polar side chains to cluster in the interior of the protein and 
away from the surrounding water. These hydrophobic interactions are mainly 
effected by tiie sugars and polyhydric alcohols. This was shown by Back and his 
cowoikes [8]. They measured the strengdi of hydrophobic interactions in model 
systems in sucrose and glycerol solutions. Incite of a lot of information that has 
been obtained on the stability of proteins by different sugars, the volumetric, die 
compressibility and the viscometric behaviours of proteins in the presence of 
maltose sugar has not been studied so far. Therefore, in the present work we have 
tried to investigate the effect of maltose sugar on the stability of ovalbumin by 
studying die following systems: 
(i). Ovalbumin - phosphate buffer system [pH 2.4, 7.0 and 8.9]. 
(ii). Ovalbumin - maltose - pho^hate buffer ^stem [pH 2.4, 7.0 and 8.9]. 
For this purpose, the density, the ultrasonic velocity and the viscosity of the above 
systems have been measured under varying conditions of concentration and 
temperature. 
In recent years, mixed aqueous solvents have been used extensively by 
many workers [13-20] in dififerent fields to control the factors such as solubility, 
reactivity and stability of the systems. Since urea is highly soluble in water, urea-
water mixtures have been used as solvents for extensive experimental 
investigations [13,14,16,20]. Urea is an important biomolecule. It is a non-
electrolyte and hydrophillic structure-breaker. It is generally accepted that the 
addition of urea to water increases the hydrogen bonding in solution. Urea does not 
interact with either hydrophilhc or hydrophobic groups or molecules but takes 
active part in the hydrogen bonding among water molecules in aqueous medium 
[21]. So the urea solution is similar to water but with less structure. But a 
molecular dynamics calculation [22] has shown that a urea molecule can enter into 
the water structure without breaking it noticeably. Consequently, urea can't be 
easily classified into a net structure-maker or a structure-breaker. Urea is also 
known to cause denaturation in proteins. It changes the native conformation of 
proteins to the denatured random coil one. On the other hand,the thermodynamic 
properties of mixing suggest that the interactions between the urea and the water 
molecules in urea-water solutions are similar to those of water-water interaction in 
pure water [23]. Therefore, urea-water solutions are often treated as ideal solutions 
for extensive experimental investigations. 
Water constitutes upto 70 percent or more of the weight of most forms of 
life. Because water pervades all portions of every cell, it is the medium in which 
the transport of nutrients, enzyme-catalysed reactions of metabolism and the 
transfer of chemical ener^ occurs. Therefore, all aspects of cell structure and 
functions are necessarily adapted to Ae physical and chemical properties of water 
and this is the reason behind tiie increasing interest to study the states of water in 
tiie living cells. For this purpose, it will be necessary to study the physico-chemical 
properties of the simple model systems under various conditions. Amino acids are 
the most convenient, low molecular weight substances representing the simple 
models. These are the basic constituents of a number of compounds of biological 
relevance such as proteins, honnones, anti-biotics, enzymes etc. Due to the 
structural complexities it is extremely difficult to carry out experimental 
thermodynamic studies on these macromolecules. In such cases amino acids serve 
as the useful model compounds. In the present work, the densities, the ultrasonic 
velocities and the viscosities were measured for amino acids (L-valine and 
L-serine)-urea-water ternary systems at various concentrations and temperatures. 
From these measurements various derived parameters of density, ultrasonic 
velocity and viscosity were evaluated. 
The ultrasonic velocity in solutions has been proved to be a significant 
physical property that provides usefiil informations regarding the nature and the 
extent of intermolecular/interionic interaction occurring in solutions. Different 
workers have proposed different theories for the calculation of ultrasonic velocity 
[24-34]. Various attempts have been made on the calculation of ultrasonic velocity 
in pure organic liquids [35,36], their binary [37-40], ternary [41-46] and 
quaternary mixtures [47]. The aqueous solutions of electrolytes [48-50] and non-
electrolytes [51-52] have also been studied. Ultrasonic velocity of biological 
macromolecules like amino acids [53-59] and proteins [60-64] have also been 
measured experimentally in aqueous [53,56-61,65-67] as well as mixed aqueous 
[20,64,68] solvents. Such data alongwith the density data have been employed for 
the calculation of the derived parameters like adiabatic compressibility, Ps, 
compressibility lowering, Ap, specific acoustic impedance, Z, etc. These 
parameters provide information about the physical nature of aggregates occurring 
in solutions [69]. 
Using tiie density and the sound velocity in protein solutions the partial 
specific volume and compressibility were evaluated. The partial specific volume of 
a protein is a characteristic parameter that has been used to elucidate several 
processes that depend upon the protein conformation or during which the protein 
conformation changes. Since the early volumetric studies of small organic 
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compounds by Traube [70], there have been numerous investigations [53,59-
67,71-75] on the partial specific volume and compressibility of amino acids and 
proteins, since the accurate measurements of sound velocity became possible in 
dilute solutions. An important result obtained fi-om such studies was that the 
globular proteins have positive comju^ssibility indicating the great contribution of 
the internal cavity in the structure of protein. 
Another derived parameter, the iso&ermal compressibility, has been the 
subject of interest for a number of workers. Various equations [76-79] have been 
given to evaluate the isothermal compressibility for various systems [80,81]. In the 
present work, it has been calculated using the empirical relation given by 
McGowan in 1966 [79]. An alternative ejqiression given by Pandey et al [82], for 
the evaluation of isothermal compressibility, was also tested. It was found diat tiie 
results obtained from both were in good agreement with each other. 
Internal pressure, a fundamental property of the liquid state, has been 
studied initially by Hildebrand and Scott [83-84] and subsequently by several oAer 
workers [85-91]. It has been extensively used to investigate the molecular 
interactions in binary liquid mixtures [88,89,92-94]. Hildebrand and Soctt 
introduced a parameter known as solubility parameter in the theory of solution. 
The importance of this parameter has been demonstrated by a number of workers 
[95,96] 
The Pseudo-Gruneisen parameter, a dimensionless constant, is governed by 
the molecular order and structure. It had been die Object of study for solids 
[97,98] and was later extended for liquids as well [99]. Later the utility of Ais 
parameter was extended to the structural study of liquids by defining its Pseudo 
counterpart [100]. This parameter is related to the thermal expansion coeflBcient 
and the q)ecific heat ratio. 
The surface tension is an important phenomenon in the study of molecular 
chemistry. It is the direct consequence of the cohesive forces between die 
molecules of a liquid. Hence, it is an important physical property, which has been 
studied to get the infonnation about tiie intennolecular interactions in solutions. 
The transport properties in solution are studied by measuring the viscosity 
of the solutions. The viscosity measurement of macromolecules provides 
information regarding the diape and size of these molecules [101]. Several theories 
have been given to evaluate the viscosity of binary Uquid mixtures [102-108]. 
These Acoretical relations have been used to explain the strength and the nature of 
interactions in Aese systems [104,105]. Several workers have carried out the 
experimental viscometric measurements in aqueous as well as mixed aqueous 
solutions of biological macromolecules to evaluate some thermodynamic 
parameters such as association constant, change in free energy of activation and 
enthalpy change etc [109-117]. The evaluation of intrinsic viscosity of protein 
under varying conditions of temperature, pH and the addition of cosolvents help in 
detecting the conformational changes in protein. The extremes of pH and 
temperature cause the loss of biological activity and die protein is said to be 
denatured. The addition of cosolvents like sugars increases the stability of protein 
and protect it against diermal and pH denaturation. For die native conformation of 
protein, the value of intrinsic viscosity lies between 3-4 ml/g and for the denatured 
states, its value goes beyond 4 ml/g. 
The viscosity data have also been interpreted by several workers in terms of 
Jones-Dole equation [19,118,-123]. They have introduced the viscosity coefficient 
B for tiie dipolar ions, particularly amino acids. It is argued that the sign of die 
temperature dependence of the B-coefficient provides a more satisfactory 
information about the structure-making or structure-breaking abiUty of the solutes 
on the solvent tiban the sign of the B-coefficient. 
In order to get a complete picture of the physical nature of solutes in 
solution and the type and the strengdi of interactions between them we have 
measured the density, ultrasonic velocity and viscosity of the said systems. From 




MATERIAL AND SAMPLE PREPARATION 
Crystallized and lyophilized ovalbumin from Sigma Chemical Co. (LOT 
106 H 7070, Grade V) was used for sample preparation. 0.2 molar aqueous 
solutions of both monobasic and dibasic sodium phosphate (purchased from E. 
Merck ) were mixed in different proportions to prepare phosphate buffers of pH 
2.4, 7.0 and 8.9. The pH of these solutions were measured by digital pH meter 
(Elico Pvt. Ltd. Hyderabad, model T-10).For the first half of the experiment, these 
phosphate buffers were used as solvents for preparing four solutions of different 
protein concentrations (4.0-10.0 x 10'^  g/ml). For the next half of the experiment, 
1.5 molar solution of maltose (SD fine chemicals, India) prepared in phosphate 
buffers(pH 2.4, 7.0 and 8.9) were used as solvents. The protein concentrations 
remained unchanged. 
The amino acids L-valine and L-serine (SRL Mumbai, hidia) were 
extrapure and used without fiulher purification. The amino acids were dried before 
sample preparation. 0.1 molar aqueous urea solution was taken as solvent for the 
preparation of amino acid solutions. Urea was purchased from Qualigens Co. 
India. Triply distilled water was used for preparing aqueous solutions. The 
resulting solutions were 
i. Ovalbumin in phosphate buffers (pH 2.4, 7.0 and 8.9). 
ii. Ovalbumin in maltose + phosphate buffers (pH 2.4, 7.0 and 8.9) mixtures. 
iii. L-valine in urea-water mixture. 
iv. L-serine in urea-water mixture. 
TEMPERATURE CONTROL 
For the measurement of density and viscosity, a thermostated paraffin bath 
was used to maintain a imiformity in temperature throughout the course of 
experiment. The paraffin bath of about 5 litres capacity consisted of an immersion 
heater of 1500 Watts, a Remi stirrer, a check thermometer of least count 0.1 °C, a 
contact thermometer [TGL 4850 NAV = 0.03A, Un= 250V (GDR)] and a relay 
[Jumo, NT 10.0, 220V = 6 A (W. Germany)] to control the variation in 
temperature. The variation in temperature was about ±0.1 C. 
The ultrasonic interferometer was used to measure the ultrasonic velocity of 
the samples in the temperature range 25.0^ to 50.0 "C. Water from an 
ultrathermostat was allowed to circulate through the insulated double walled jacket 
of the cell. The thermal stability was found to be ± 0.1 "C. 
DENSITY MEASUREMENT 
A pyknometer, consisted of a small bulb with a flat bottom (of about 5 ml 
capacity) and a graduated stem, was used to measure the density of the 
experimental hquid. The pyknometer was calibrated with triply distilled water. The 
clean and dried pyknometer was weighed and filled with triply distilled water and 
again weighed. The mass of the distilled water was determined by tiie difference in 
these two masses. Then the pyknometer was immersed in the paraffin bath 
maintained at the required temperature and &e changes in temperature 
corresponding to the changes in volume at each mark were recorded. The density 
of pure water at these temperatures corresponding to each mark was obtained from 
a standard relation: 
p = I.000 525-2x l0"^ t -4 .72x l0^ t^ 
where t is the temperature in °C. From the known values of mass and density of 
water, the volume corresponding to each mark of the pyknometer was determined. 
This experiment was repeated with different masses of water. Using the 
known values of mass and volumes, the densities at the required temperatures were 
determined. The values of the observed densities were compared with those of the 
reported ones. It was found that the accuracy of the measurement was within 




The viscosity measurement has been made wiA a Cannon-Ubbelohde 
viscometer. The viscometer consists of three arms: receiving, measuring and 
auxihary for forming the suspended level arrangement. All tiie three arms are 
parallel to each other. The receiving and the measuring arms form a U through a 
bulb D. The measuring arm has two bulbs A and B. On the upper and lower side of 
the bulb, the two marks were used to record Ae time of fall of the solution. The 
auxiliary arm was sealed to the receiving arm through a bulb C. In between the 
bulbs B and C, there is a fine cj^illary of suitable dimensions. The viscometer has 
been designed in such a way that the center of gravity of the three bulbs A,B and C 
was aligned vertically. This reduces the acceleration due to gravity and thus 
minimizes the experimental errors. The surface tension correction of the 
viscometer was negligible and the transport of momentum was carried out freely 
under the weight of the total volume of the test liquid. This was due to a special 
feature of this type of viscometer that the capillary effects of the two Uquid 
surfaces are neutralized by each other. 
The calibration was done by using triply distilled water. The viscometer 
was filled with triply distilled water whose amount was sufficient to avoid the 
entrance of any air bubble into the capillary while fiidicial bulb B was filled. The 
viscometer was clamped in the vertical position in the thermostated paraffin bath 
for about half an hour before recording the time of fall to avoid thermal fluctuation 
in the viscometer. Then the sample was sucked into the bulb A where it was 
allowed to stand for some time. Then the liquid was allowed to fall and die time of 
fall was recorded. This process was repeated several times and the similar readings 
were taken at each required ten^)erature. The time of fall was recorded with a stop 
watch of accuracy ± 0.1 second. PoiseuiUe's equation 
n = 7cphgr^t/8LV = p 3 t 
was employed to calculate the viscosities using the density and die time of fall of 
the solutions. In tiie above equation, p is the density of the solution, h is the height 
of the column in the viscometer, g is the acceleration due to gravity, r is the radius 
of the capillary, L is the length and t is die time of fall of the test liquid of volume 
V. The terms associated with a given viscometer have beai denoted by single 
term P , which is a constant for a particular viscometer, p has been calculated by 
using the reported values of viscosities of water at several temperatures. The 
accuracy of the caUbrated viscometer was checked by measuring the viscosities of 
water at test temperature and then con:q)aring die experimental values with the 
reported ones. The accuracy was found to be ± 0.2%. 
MEASUREMENT OF ULTRASONIC VELOCITY 
The measurement of ultrasonic velocity has beai done by ultrasonic interfero-
meter. It is a simple and direct device to determine the ultrasonic velocity in 
liquids with high degree of accuracy. The ultrasonic interferometer (Mittal's 
Model F-81) of a single frequency of 4 MHz was used for the measurement of 
sound velocity in die experimental temperature range. 
The woildng principle of the instrument is based on the accurate 
determination of the wavelengdi (X.) in the medium. The ultrasonic waves of 
known frequency, v, are produced by a quartz plate fixed at die bottom of the cell. 
These are reflected back to the quartz plate by a movable metallic plate kept 
parallel to the quartz plate. If die separation between these two plates is exacdy a 
\^ole multiple of sound wavelengdi, standing waves are produced in die medium. 
This acoustic resonance gives rise to an electrical reaction on die generator driving 
the quartz plate and the anode current of the generator becomes maximum. 
If the distance between the two plates is increased or decreased and the 
separaticm is exacdy one-half of the wavelengdi or multiple of it, dien again the 
anode current becomes maximum. Knowing the values of wavelength, the 
ultrasonic velocity in die medium can be obtained fix>m die equation 
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The ultrasonic interferometer consists of the following two parts: 
i. The High Frequency Generator, 
ii. The Measuring Cell. 
High Freqoency Generator : It is designed to excite the quartz plate at its 
resonance frequency to generate ultrasonic waves in the liquid filled in the 
measuring cell. A microammeter is provided on the high frequency generator to 
observe the changes in current. There are two controls, one for the purpose of 
sensitivity regulation and the other for the initial adjustment of microammeter. 
Measuring Cell: It is a specially designed double-walled cell for maintaining the 
temperature of the liquid constant during the experiment. On the top of it is a fine 
micrometer screw which can lower or raise the reflector plate in the cell through a 
known distance, it has a quartz plate fixed at its bottom. 
The instrument was adjusted in the following way: 
1. The cell was inserted in the square-base socket and clamped to it by a screw 
provided on one of its sides. 
2. The curled cap of the cell was unscrewed and removed. Then the test solution 
was filled in it and the cap was screwed. 
3. Water was circulated through the two tubes in the double-walled cell in order 
to maintain the desired temperature during the experiment. 
4. The cell was connected with a high frequency generator by a co-axial cable 
provided with die instrument. 
5. The generator was given 15 seconds warming up time before recording 
reading .^ 
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6. The sudden rise or fall in temperature of the circulated liquid was avoided to 
prevent the thermal shock to the quartz crystal. 
Two knobs are provided on the high frequency generator, one is marked 
with 'Adj' and the other with 'Gain'. The knob marked with 'Adj' was used to 
adjust the position of the needle on the ammeter and the knob marked with 'Gain' 
was used to increase the sensitivity of the instrument for greater deflection. The 
microammeter was used to record the maximum deflections by adjusting the 
micrometer screw. 
The measuring cell was connected to the output terminal of the high 
frequency generator by a shielded co-axial cable. Before switching on the 
generator, Ae measuring cell was fixed to its base and filled with the experimental 
Uquid. The ultrasonic waves produced by the excited quartz-crystal move normal 
from Ae crystal till they are reflected back from the movable plate and the 
standing waves are formed in the liquid in between the reflector (movable) plate 
and the quartz crystal. 
The micrometer screw was slowly raised to record the maximum anode 
current The wavelength was determined by recording the total distance moved by 
the micrometer for twenty maxima of anode current. The distance (d) thus moved 
by the micrometer gives the value of wavelength (X) by using the relation 
d = n x Xy2 
where n is the number of maxima in anode current. Once the wavelength (X) is 
known, the velocity (U) in the Uquid can be calculated with tilie help of the 
relation. 
U = v X X/2 
The accuracy in the measurement was found to be within ± 0.07%. 









The ultrasonic velocity in liquids has been known to be a significant 
physical property that either directly or through its derived parameters provides a 
basis for understanding die nature of intennolecular or interionic interactions 
occurring in solutions. 
During recent past considerable interest has been developed in the 
ultrasonic studies of liquids, their mixtures, the aqueous solutions of electrolytes 
and many compounds of biological importance. Experimental data of ultrasonic 
velocity were analysed theoretically in the hght of various empirical theories. 
Studies on the ultrasonic velocity and the compressibility of aqueous solutions of 
proteins have started a long time ago [124, 125] and till now much woric has been 
done on die compressibility of amino acids and proteins in aqueous solutions. 
Mixed aqueous solvents have also been used for these measurements. Such data 
have been used few the calculation of some very useful thermodynamic properties. 
In the present work, an attempt has been made to calculate the derived parameters 
such as adiabatic compressibility; Ps , compressibiUty lowering, AP, specific 
acoustic impedance, Z, Wada's constant, B and molar sound velocity, R using the 
ultrascmic velocity and density of the following systems: 
(i) ovalbumin - phosphate buffer system [pH 2.4, 7.0 and 8.9], 
(ii) ovalbumin - maltose - phosphate buffer system [pH 2.4, 7.0 and 8.9], 
(iii) aminoacid (L-valine/L-serine)-urea-water system, 
over a wide range of temperature and concentration of the solutes. 
THEORY 
Adiabatic compressibility, ps , has been calculated using the Laplace 
equation: 
Ps = i r ' P"* 1.1 
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where U is die ultrasonic velocity and p is the density of the solution. The 
compressibility lowering, AP, is calculated from Ae difference between the 
compressibilities of tiie solvent, P** and the solution P,. Thus 
Ap = P" - Ps 1.2 
Relative change in compressibility is given by 
P,= £iP/p^ 1.3 
The specific acoustic impedance, Z, the molar sound velocity, R and the Wada's 
constant, B, are defined by the following relations: 
Z = U. p 1.4 
* R = (M/p)U''^ = V„ U''^ 1.5 
* B = V„ Ps*'' 1.6 
^ e r e V^ is the molar volume and M is the molecular weight of the solution given 
by 
M = M,Xi + M2X2+ M3X3 1.7 
where M], M2 and M3 are the masses of the different species of the solution and 
Xi, X2 and X3 are their mole fractions. 
* R and B have been calculated only for amino acid-urea-water systems. 
RESULTS AND DISCUSSION 
The dendties and tibe ultrasonic velocities of the systems under 
investigation have been least-squares fitted to the equations 1.8 and 1.9, 
respectively, 
p = E V O Pit* 1.8 
U = l'i=o Uit- 1.9 
H 
Tabic 1.1: Least-squares fitted parameters of the density 
equation (1.8) as a function of concentration for 
the following systems: 
(^) Ovalbumin- Buffer System (pH 2,4) 



















- 1 0 . 0 0 0 2 
- 0 8 . 8 5 7 1 
- 0 9 . 9 9 9 8 
- 1 0 . 0 0 0 0 








(b) Ovalbumin-Maltose-Buffer System (pH 2.4) 







































- 2 3 . 4 2 8 1 0 
- 1 0 . 0 0 0 0 0 
- 0 9 . 9 9 9 6 5 
- 0 8 . 5 7 2 1 3 
- 0 8 . 8 5 7 4 2 
(pH 7.0) 
P2XIO' 
- 7 . 1 4 2 6 8 
- 7 . 1 4 2 5 0 
- 9 . 1 4 2 8 9 
- 6 . 5 7 1 0 4 
















(d) Ovalbumin-Maltosc-liuffer System (pll 7.0) 



















- 4 . 5 7 1 3 6 
- 5 . 4 2 8 9 9 
- 3 . 9 9 9 7 2 
- 3 . 1 4 2 4 4 





1 .965x10 ' 
3.900x10-^ 
1.950x10'^ 
(e) Ovalhumin-Buffer System (pH 8.9) 



















- 5 . 7 1 4 1 1 
- 8 . 8 5 7 4 2 
- 1 3 . 4 2 8 3 
- 9 . 1 4 2 5 4 








(f) Ovalbumin-Maltose-Buffer System (pH 8.9) 
Concentration 
g/ml 

















- 9 . 4 2 8 7 1 
- 8 . 5 7 1 4 3 
- 9 . 1 4 3 4 2 
- 8 . 8 5 7 0 7 







(g) L-Valine-Urea-Water System 























































- 3 . 1 4 3 1 4 
- 3 . 1 4 2 9 6 
- 3 . 7 1 4 6 0 
- 3 . 4 2 8 2 6 
- 3 . 1 4 2 9 6 
- 3 . 4 2 8 9 6 
- 3 . 4 2 8 4 3 
- 3 . 1 4 2 9 6 
- 3 . 4 2 8 6 1 













- 9 . 4 2 8 7 1 
- 8 . 2 8 5 6 1 
- 7 . 9 9 9 9 7 
- 7 . 9 9 9 9 7 
- 8 . 5 7 1 6 0 
- 8 . 0 0 0 4 9 
- 8 . 8 5 7 0 7 
- 7 . 4 2 8 1 5 
- 9 . 1 4 3 0 7 























3 .484x10- ' 
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Table 1.2: Experimental values of density ( kg m~^  ) as 
functions of temperature and concentration for 
the following systems: 


































































































































































































(f) Ovalbumin-Maltose-Buffer System (pH 8.9) 
Concentration Temperature K 





































































































































































Table 1.3: Least-squares fitted parameters of the ultrasonic 
velocity equation 1.9 as a function of concentra-
tion for the following systems: 











































- 1 1 . 4 2 8 2 0 
-10 .00000 
-08 .85742 







- 9 . 1 4 3 4 2 
- 8 . 0 0 0 1 4 










- 0 3 7 . 5 5 1 1 
068 .9623 
125.0140 











- 0 . 9 4 2 8 7 
























(d) Ovalbumin-Maltose-Buffer System (pH 7.0) 
































(e) Ovalbumin-Buffer System (pH 8.9) 

















































- 5 . 4 2 8 9 9 


















(8) L-Valine-Urea-Water System 



















- 0 2 3 9 . 9 7 8 












- 1 6 . 0 0 0 6 
- 0 5 . 7 1 4 6 
- 0 0 . 0 0 0 0 
- 0 1 . 1 4 2 9 
05 .7139 
08.2857 
- 0 3 . 4 2 8 7 
- 1 4 . 0 0 0 1 


























- 9 1 9 . 2 0 2 







- 3 6 1 . 2 0 1 













- 1 9 . 7 1 4 0 
- 1 4 . 5 7 1 7 
- 0 9 . 4 2 8 7 
- 0 7 . 7 1 4 4 
- 0 6 . 5 7 1 2 
- 0 6 . 8 5 7 2 
- 0 7 . 9 9 9 8 
- 1 1 . 4 2 8 9 
- 1 5 . 7 1 4 6 














where t is the temperature in Kelvin. The coefficients of the density and tiie 
ultrasonic velocity are given in tables 1.1 and 1.3 along with the standard 
deviations. 
The ultrasonic velocities for different systems are plotted against 
concentration at various temperatures [Fig. 1.1 a-h]. The plots show the increase 
in the values of ultrasonic velocity with the corresponding increase in temperature 
as well as the concentrations of amino acid/protein in their respective systems. 
This increase may be attributed to an increase in the intermolecular interactions 
with the increase in temperature and concentration. 
The adiabatic compressibility (Table 1.5), obtained from the measurement 
of sound velocity, is determined primarily by intermolecular and interionic 
interactions. As seen from the plots [Figs 1.2 a-h], the compressibility decreases 
from pure water to the solutions and it is found to decrease with the increase in the 
concentration of the solutes^as well as the temperature [17,18,51]. 
It is assumed that hquid water is an equilibrium mixture of two classes of 
molecules [126]. Class I is constituted by hydrogen-bonded molecules (open or 
ice-like structure) and class II is constituted by unbonded monomers (close-packed 
structure). This structure was supported by several workers [127-129]. The dimer, 
trimer, tetrarmer, pentamer as well as hexamer structure for liquid water have been 
estabhshed so far. In all these structures water is tetrahedrally-coordinated [130]. 
The hexagonally arranged water molecules form quite bulky structure with large 
empty spaces within the framework of molecules. These spaces accommodate the 
unbonded monomeric water molecules or other non-charged small molecules. In 
addition to the above-mentioned polymeric forms. Dang [131] reported the 
additional molecular dynamic's results indicating the presence of water octamers, 
nanomers and decamers. The lowest minimum-energy structures for water 
nanomers and decamers have not yet been estabhshed. 
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Table 1.4: Experimental values of ultrasonic velocities 
(U,ms~') as functions of temperature and 
concentration for the following systems: 


























































































































(d) Ovalbumin-Maltose-Buffer System (pH 7.0) 



































































































































































































































































QQflOCJ 298.15 K 
AAAAA 303.15 K 
x>^xxx 308.15 K 
tsjsjtjf 313.15 K 
•_5jLi? 323.15 K 
1480.00 I I I 1 l"| I I I I I I ( I I I 1 I 1 I I I n 
0.000 0.003 0.005 0.008 0.010 
Coiicentration(g/ml) 
Fig 1.1(a) Plots of ul t rasonic velocity versus 








1680.00 I I I I I I I I I I I I I I I I I I I I I I I 
0.000 0.003 0.005 0.008 0.010 
ConcentraUon(g/ml) 
Fig 1.1(b) Plots of u l t rosonlc velocity versus c o n c -







QQflOD 298.15 k 
^aaaft 303.15 k 
xxxxx 308.15 k 
t i * i t 5 313.15 k 
• • • • » 318.15 k 
1500.00 I -1 I I I I I I I 1 |"i I I I I I 1 I I I I l~l 
0.000 0.003 0.005 0.008 0.010 
Concentration(g/ml) 
Fig 1.1(c) Plots of ultrasonic velocity versus 








1680.00 I I 1 I I I I I I t I I I I I I I I I 
0.003 0.005 0.008 0.010 
Conceiiiration(s/ml) 
Fig 1.1 (d) Plots of ultrasonic velocity versus c o n c -













Tf * y f 313.15 






r I' I I I I I I I I I 
0.008 0.010 
ConceiitraUon(g/inl) 
Fig 1.1(e) Plots of ultrosonic velocity versus 
















1680.00 t I I I I I I I I I I I 
0.000 0.003 0.005 
n n r r 
0.008 
I I I I I I 
0.010 
Concentration(g/inl) 
Fig 1.1 ( f ) Plots of ultrasonic velocity versus c o n c -
















A A AAA 3 0 3 . 1 5 
xxxxx 308.15 
Tt*TT 313.15 
• " • • 318.15 
1 I I I I I I I I I 1 I I I I I I I I I I I I I 
0.000 0.100 0.200 0.300 0.400 0.500 
Concentxation(mol/kg) 
Fig 1.1(g) Plots of ultrasonic velocity versus 








m 1 5 0 0 . 0 0 -
1 4 5 0 . 0 0 I I I I I I I I I I I I I I I I I I I I I 
0.000 0.250 0.500 0.750 1.000 
conceDtration(mol/ke) 
Fig 1.1(h) Plots of ultrasonic velocity versus 
concentrat ion fo r L-ser ine-ureo—water systenn 
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Table 1.5: Adiabatic Compressibility (p.xlO'*,in^N ') as 
fanctions of temperature and concentration 
for the following sys tems: 










































































(c) Ovalbumin-Buffer System (pH 7.0) 
Concentration Temperature K 





















































































































































































































(h) L-Serine-Urea-Water System 






















































































00000 298.15 k 
4A&AA303.15 k 
xxxxx 308.15 k 
*_*iL** 313.15 k 
•JL i i f 318.15 k 
[ I I I I I I I I I I I I I I I I I I I I I I 
0 .000 0 .003 0.005 0.008 0 .010 
Concentrat ion(g /ml) 
Fig 1.2(a) Plots of odiobatic compressibi l i ty 
versus concentrat ion for ovalbumin a t pH 2.4 
2.900 E-OlO -q 
"g 2.880 E-OlO ^ 





2 2.820 E-OlO -
2.800 E-OlO I I I I I I I I I I M I I I I I I I I I I I 
0.000 0.003 0.005 0.006 0.010 
Concentration{g/inl) 
Fig 1.2(b) Plots of adiabotic compressibility versus 
concentrat ion f o r ovolbumin-mal tose system at pH 2.4 
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4.300 E-OlO 


















I I I I I I I I I I I I I I I I I I I I I 
0.003 0.005 0.008 0.010 
ConcentraUon(g/ml) 
Fig 1.2(c) Plots of adiobotic compressibi l i ty 
versus concentration for ovalbumin a t pH 7.0 
2.920 E-OlO 
••s 
< 2.840 E-OlO 
QOfLQIP 298.15 k 
4AiiA^ 303.15 k 
xxxxx 308.15 k 
k 
k 
I I T I I I I r - i ' i I 
0.000 0.003 0.005 
I I I I I I I I [ r r 
0.008 0.010 
Concentraiion(e/inl) 
Fig 1.2(d) Plots of adiobatic connpressibility versus 

















• • • • » 318.15 
I I I I I I I I I |"l I I I I I I I I I I I I 
0.000 0.003 0.005 0.008 0.010 
ConcentrationCg/nil) 
Fig 1.2(e) Plots of adiobat ic compressibility 
versus concentrat ion fo r ovalbumin at pH 8.9 
2.900 E-OlO -zr 
fi 2.880 E-OlO -^ 












• • ' • • 318.15 
2.800 E-OlO 
. I I I I I I I I I I I I 
0.000 0.003 0.005 
I I I I I I I I I I I 
0.008 0.010 
Concentration (g/nxl) 
Fig 1.2(f) Plots of adiobatic compressibi l i ty versus 













3.800 E-OlO I 11 I I I I I I I I I I I I r I I I I I I I I 
0.000 0.100 0.200 0.300 0.400 0.500 
Concentr«tion( mol /kg) 
Fig 1.2(g) Plots of odiobatic compressibility versus 
concentration for L-valine—urea—water system 
4.800 E-OlO 
2 








4.000 E-OlO ~ 
3.600 E-OlO -
3.200 E-OlO 
QOnOD 298.15 k 
/iiJiAA 303.15 k 
xyxxy 308.15 k 
* t y * * 313.15 k 
318.15 k 
I r I I I I I I 1 I I I I I I I I I I I 
0.000 0.250 0.500 0.750 l.OOO 
Con.ceatr«.tioa(inoI/k2) 
Fig 1.2(h) Plots of odiobatic compressibility versus 
concentration for L-serine-ureo-woter system 
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When urea is added to water it disrupts the hydrogen bonding among water 
molecules by dissolving exclusively within the dense or less structured phase (ice-
like component) of liquid water and without inducing any change on the alternate 
type of long range (close-packed) structure [132-134]. This ultimately leads to an 
overall close-packed structure (tetrahedral type), therefore, the adiabatic 
compressibility of urea-water mixture is less than that of pure water. 
The disruptive influence of urea on the water-water hydrogen bonding 
modifies the cavity size distribution, as suggested by Ben Nairn [135], which 
solubilizes the inert solutes and rare gases. On the other hand, the dielectric 
constant of urea-water mixtures is similar to that of pure water, so the electrostatic 
solvation effects of spherical ions should be comparable in both solvents./ Since 
amino acids exist as zwitter ions in both solvents they are also solvated by 
electrostatic solvation in urea-water mixtures. The structure of water in aqueous 
solutions of amino acids with non-polar side chains is enhanced and the probability 
of hydrogen bonding between water molecules is increased by forming water 
clathrate around the hydrophobic moiety. On the other hand, the structure of water 
in the solutions of amino acids with polar or charged side chains is destroyed due 
to electrostatic interactions or hydrogen bonding between the amino acids and the 
water molecules. 
There are two possible explanations for the effect of side chains on the 
structure of water [136]: 
(a) Hydration shells of NHj^  and COO" groups overlap that of the side chains 
because these charged groups strongly disrupt the structure of water upto a 
considerable distance. As a result the interaction between the side chain and the 
water molecules is hidden by the two ionic groups. 
(b) The accessibility of water to side chains is largely reduced by the self-
association of amino acid molecules due to electrostatic and/or hydrophobic 
interactions at neutral pH. This self-association of hydrophobic R groups of valine 
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molecules may be responsible for the slight decrease in compressibilit>' of the 
solution of L-valine when compared to that of L-serine which has polar side 
chain. But this effect of the side chains on the structure of water is ver>' little [136]. 
As the concentration of the solution increases, there is a corresponding 
increase in the number of incompressible solute molecules, which causes a 
decrease in the compressibility of the solution. 
In case of ovalbumin-maltose-buffer systems, the compressibility is reduced 
to just half of that of the ovalbumin-buffer systems.This great reduction is due to 
the increasing interactions (hydrophobic, electrostatic and hydrogen bonding) in 
the protein molecules in the presence of sugar. The increase in hydrophobic 
interactions results in the more compact structure of the stabilized protein 
ultimately reducing the adiabatic compressibility of the solution. 
The decrease in compressibility values with increasing temperature may be 
caused due to the rupturing of solvent molecules [137] leading to a greater 
attraction among the molecules of &e solution. The increase in temperature also 
causes a change in the solvation of molecules, which effects Ae compressibility 
values. 
The pH of the solution has also shown to effect the compressibility 
behaviour. The increase in pH causes an increase in the ultrasonic velocity of the 
solution and therefore, decreases the compressibility. (Table 1.2) 
^^y calculated from equation 1.2, also varies with the concentration and the 
temperature. It increases with concentration and decreases with temperature. The 
variation of pr with concentration is shown in figures 1.3 a-h. The pattern of 
variation of pr is similar to that of A p. Linear relationship is found between p^  and 
the solute concentration. The plots of relative change in compressibility (P )^ as a 
fimction of concentration show that the intercepts are in the vicinity of zero in the 
systems (i) and (iii) indicating the presence of weak interactions due to extremely 
dilute nature of the systems. In case of system (ii), the intercepts are away from 
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Table 1.6: Lowering in Adiabatic Compressibility(AP x 
10 ,in N ) as functions of temperature and 
concentration for the following sys tems: 
































(b) Ovalbumin-Maltose-Buffer System (pH 2.4) 
Concentration Temperature K 























































(d) Ovalbumin-Maltose-Buffer System (pH 7.0) 

































(e) Ovalbumin- Buffer System (pH 8.9) 

































(f) Ovalbumin-Maltose-Buffer System (pH 8.9) 

































(g) L-V^aline-Urea-Water System 
























































(h) L-Serine-Vrea-Water System 





































































Table 1.7: Relative Lowering in CompressibiI i ty(Pr x 
10^) as functions of temperature and 
concentrat ion for the following s y s t e m s : 
(a) Ovalbumin- Buffer System (pH 2.4) 
Concent ra t ion Temperature K 

























(b) Ovalbumin-Maltose- Buffer System (pH 2.4) 
Concent ra t ion Temperature K 

























(c) Ovalbumin-Buffer System (pH 7.0) 
Concentra t ion 
g/ml 298.15 
Temperature K 



























































































(f) Ovalbumin-Maltose-Buffer System (pH 8.9) 
Concentration Temperature K 



















































































(h) L-Serine'Urea-Water System 
Concentration Temperature K 













































































QOliaCJ 298.15 k 
i^AikAA 303.15 k 
xxxxx 308.15 k 
* *J t * * 313.15 k 
• • • • • 318.15 k 
I I' I I I I I I I I I I I I I I I I I I I I I 
O.ObO 0.003 0.005 0.008 0.010 
con.centratlon(g/inl) 
Fig 1.3(a) Plots of relat ive lowering in c o m p r e s s -


















oaaao 293.15 k 
iU:Jij^ 303.15 k 
xxxxx 503.15 k 
* * * * * 313.15 k 
• • • • • 318.15 k 
V 
a: 
I i"i I I I I I I I I I I I I I I I I I I I t 
0.000 0.003 0.005 0.008 0.010 
Concentre tion(g/mI) 
Fig 1.3(b) Plots of relat ive lowering in compressibility 

















QOflaci 298.15 k 
xxxxx 308.15 k 
**JL** 313.15 k 
• • • • • 318.15 k 
I I I I I I I I I I I I I f I I I I I I I r I 
0.000 0.003 0.005 0.008 0.010 
ConcentraUon(g/nil) 
Fig 1 .Z(c) Plots of relotive lowering in c o m p r e s s -
ibility versus concentrat ion for ovalbumin at pH 7.0 











QQflOCi 298.15 k 
4iiiiAA 303.15 k 
xxxxx 308.15 k 
**jt** 313.15 k 
• " • • 318.15 k 
I I I I I I I I I I I I I r I I I I I I I t I 
0.000 0.003 0.005 0.008 0.010 
Concentxation(g/ml) 
Fig 1.3(d) Plots of relat ive lowering in compressibi l i ty 
















x x x x x 308.15 
* * » * • * 313.15 
• • • • • 318.15 
V 
I I I I I I I ! I I I 
0.000 0.003 0.005 
I "I I I I n 
0.010 
Concentre l i on (g /ml ) 
r-np-
0.008 
Fig 1.3(e) Plots of relative lo'/<ering in c o m p r e s s -















§/ QOflOCi 298.15 k 
<kAAiA 303.15 k 
x x x x x 308.15 k 
**JL*j* 313.15 k 
• • • • ' 318.15 k 
V 
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0.000 0.003 0.005 
i I I I I I I I I I ' 1 
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Fig 1.3(f) Plots of relative lowering in compressibi l i ty 
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50 
zero indicating tiie presence of strong interactions (strengthening of hydrophobic 
interactions) due to the presence of sugar maltose. 
As shown in figures 1.4 and 1.5, respectively, the specific acoustic 
impedance, Z and the molar sound velocity, R, both increase with an increase in 
temperature. This is in accordance with equations 1.4 and 1.5, respectively, in 
which Z is directly proportional to the ultrasonic velocity and R is proportional to 
the cube root of ultrasonic velocity, which increases with an increase in 
temperature. The increase in the value of Z and R, with an increase in the 
concentration of the solutions is also depicted in figures 1.4 and 1.5, respectively. 
An examination of tables l.lOa and b shows that Wada's constant also increases 
with an increase in temperature as well as concentration. 
All the parameters evaluated here vary linearly with the concentration of the 
solutes. 
51 
Table 1.8: Specific Acoustic Impedance (ZxlO"^kg m~^8~') 
as functions of t emperature and concentrat-
ion for the fol lowing s y s t e m s : 
(a) Ovalbumin-Buffer System (pH 2.4) 
Concentrat ion Temperature K 
g/ml 298.15 303.15 308.15 313.15 318.15 
0.000 15.2007 15.2721 15.3382 15.3984 15.4250 
0.004 15.2253 15.2968 15.3589 15.4172 15.4524 
0.006 15.2359 15.3064 15.3756 15.4319 15.4655 
0.008 15.2480 15.3221 15.3878 15.4435 15.4807 
0.010 15.2626 15.3398 15.4050 15.4638 15.4925 
(b) Ovalbumin-Maltose-Buffer System (pH 2.4) 
Concentrat ion Temperature K 
g/ml 298.15 303.15 308.15 313.15 318.15 
0.000 20.4184 20.4496 20 .4609 20.4596 20.4469 
0.004 20.4438 20.4709 20 .4822 20.4824 20.4691 
0.006 20.4596 20.4870 20 .4993 20.5007 20.4850 
0.008 20.4797 20.5051 20 .5176 20.5183 20.5043 
0.010 20.4997 20.5228 20 .5370 20.5377 20.5237 
(c) Ovalbumin-Buffer System (pH 7.0) 
Concentrat ion Temperature K 
g/ml 298.15 303.15 308.15 313.15 318.15 
0.000 15.3702 15.4444 15.5072 15.5702 15.6065 
0.004 15.3956 15.4698 15.5312 15.5926 15.6269 
0.006 15.4021 15.4780 15.5424 15.6054 15.6418 
0.008 15.4153 15.4876 15.5525 15.6135 15.6525 
0.010 15.4270 15.5018 15.5668 15.6314 15.6708 
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(d) Ovalbumin-Maltose-Buffer System (pH 7.0) 
Concentrat ion Tempera ture K 
g/ml 298.15 303.15 308.15 313.15 318 .15 
0.000 20.3372 20.3505 20.3527 20.3464 20 .3355 
0.004 20.3637 20 .3758 20.3767 20.3688 20 .3578 
0.006 20.3849 20 .3953 20.3938 20.3864 20 .3790 
0.008 20.4076 20 .4180 20.4124 20.4062 20 .3993 
0.010 20.4300 20 .4363 20.4288 20.4249 20 .4139 
(e) Ovalbumin-Buffer System (pH 8.9) 
Concentrat ion Tempera ture K 
g/ml 298.15 303.15 308.15 313.15 318 .15 
0.000 15.4686 15.5414 15.6044 15.6608 15.6973 
0.004 15.4802 15.5597 15.6237 15.6798 15 .7147 
0.006 15.4960 15.5755 15.6427 15.6977 15 .7239 
0.008 15.5163 15.5868 15.6449 15.7095 15 .7429 
0.010 15.5306 15.5990 15.6682 15.7253 15.7552 
(f) Ovalbumin-Maltose-Buffer System (pH 8.9) 
Concentrat ion Tempera ture K 
g/ml 298.15 303.15 308.15 313.15 318 .15 
0.000 20.4268 20 .4479 20.4609 20.4593 2 0 . 4 4 7 8 
0.004 20.4533 20 .4733 20.4846 20.4829 2 0 . 4 7 0 7 
0.006 20.4751 20 .4967 20.5068 20.5039 2 0 . 4 9 2 9 
0.008 20.5016 20 .5174 20.5280 20.5252 20 .5112 
0.010 20.5282 20 .5387 20.5476 20.5430 2 0 . 5 2 8 3 
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(h) L-Serine-Urea-Water System 
Concentration Temperature K 
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Fig 1.4(a) Plots of specific acoustic impedence 
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Fig 1.4(b) Plots of specific acoustic Impedence versus 
concentration for ovalbumin—maltose system at pH 2.4 
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Fig 1.4(c) Plots of specific acoustic impedence 
versus concentration for ovalbumin at pH 7.0 
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Fig 1.4(f) Plots of specific acoustic impedence versus 
concentration for ovalbumin—maltose system at pH 8.9 
57 
::: 14.500 I'l I I I I I I t I I I I I I I I I I I I I I r 
0.000 0.100 0.200 0.300 0.400 0.500 
Concentration(g/ml) 
Fig 1.4(g) Plots of speci f ic acoust ic impedence 
versus concentration f o r L—valine-urea—water sys tem 
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Fig 1.4(h) Plots of specif ic ocoust ic impedence 
versus concentrotion for L—serine—urea-woter system 
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Table 1.9: Molar Sound Velocity (R, m * inol"'s~^^) as 
functions of temperature and concentrat ion 
for the fol lowing sys tems: 
(a) L-Valine-Urea-Water System 
Concentra t ion 
mol/kg 298.15 
Temperature K 

















































(b) L-Serine-Urea-Water System 
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Fig 1.5(a) Plots of molor sound velocity versus 
concentration for L-vol ine-urea-water system 
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Fig 1.5(b) Plots of molar sound velocity versus 
concentration for L-serine—urea—water system 
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Table 1.10: Wadas Constant, B, as functions of temperature 
and concentration for the following systems: 
(a) L-Valine-Urea-Water System 

























































(b) L-Serine-Vrea-Water System 













































































The volumetric and compressibility behaviour of solutes in solution provide 
very useful informations related to solute-solvent and solute-solute interactions. 
The infinite dilution partial molar volumes and compressibilities give the structural 
information and interaction phenomena associated with solvation processes. Since 
these properties are independent of solute-solute interactions, they are determined 
only by the respective intrinsic value and the solute-solvent interactions. 
Various investigations have been done using electrolytes [138,139], 
carbohydrates [140,141], amino acids [51-54], peptides [13,15,66] and proteins 
[60-64,67] in aqueous as well as mixed aqueous solvents. 
As demonstrated by X-ray analyses [142,143], the thermal fluctuations in 
the protein structure, due to imperfect packing and cavities, is a function of 
temperature and pressure. Since Ae fluctuation in volume is directly related to the 
compressibility [61-63], the effect of temperature on the compressibihty is a matter 
of interest. 
Sugar solutions have large effects on the structure and properties of proteins 
including their solubility, denaturation, etc. In the literature there are reports about 
the effect of sugars on the stability of proteins and enzymes [4-9]. Therefore, in 
order to study the behaviour of proteins in sugar solutions, we have studied the 
partial specific properties of the protein systems described earlier. 
THEORY 
The partial specific adiabatic compressibility of ovalbumin, Ps , was 
calculated with the equation given by Shiio [144], 
Ps = -(l/v**) (av°/aP) 2.1 
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Ps = O' /v ' ) l imc-^0 [(p/|3o-Vo)/c] 2.2 
V„ = (p-c) /po 2.3 
v" = limc->0[(l-Vo)/c] 2.4 
where P is the pressure, c is the protein concentration in grams per millilitre of the 
solution, Vo is the apparent volume fraction of the solvent in solution and v is the 
partial specific volume of the protein. 
RESULT AND DISCUSSION 
The partial specific volume of protein at infinite dilution, v ,^ was 
determined by linear extrapolation of the apparent specific volume, (l-Vo)/c to 
zero concentration of ovalbumin. The apparent volume fraction of ovalbumin, Vo, 
the apparent specific volume, (l-Vo)/c, and tiie partial specific volume of 
ovalbumin, are recorded in tables 2.1, 2.2 and 2.3, respectively. The adiabatic 
compressibility, pg, was determined by Ae linear extrapolation of O / po- Vo )/c to 
zero protein concentration. The P, values thus obtained are Usted in tables 2.5 
(a-f). 
The partial specific volume of a protein in solution consists of three factors 
[10], (i) the constitutive atomic volume (Vc), (ii) the volume of die cavities formed 
due to imperfect packing of atoms or groups (Vcav), and (iii) die volume change 
due to solvation (AVsoin). 
^ = Vc + V„v + ^V«,ta 2.5 
Here die constitutive atomic volume is considered to be highly incompressible. 
Vcv involves (i) the incompressible voids formed by the closest packing of atoms 
or groups and (ii) tiae compressible voids formed by the random close packing of 
atoms. AVsoin consists of three contributing effect (i) electrostatic solvation of 
ionic groups (ii) hydrogen bonded hydration of polar groups and (iii) hydrophobic 
hydration of non-polar or hydrophobic groups. Each of them contribute negatively 
to AVsojn [61]. Therefore, AVjoh, also contributes negatively to v** but the term 
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Table 2.1: Apparent Volume Fraction, Vo, of the solvent as 
functions of temperature and concentration for 
the following systems: 
(a) Ovalbumin- Buffer System (pH 2.4) 
Concentration Temperature K 

























(b) Ovalbumin- Maltose-Buffer System (pH 2.4) 
Concentration Temperature K 

























(c) Ovalbumin- Buffer System (pH 7.0) 
Concentration Temperature K 

























(d) Ovalbumin-Maltose-Buffer System (pH 7.0) 
Concentration Temperature K 























































(f) Ovalbumin- Maltose-Buffer System (pH 8.9) 
Concentration Temperature K 

























Table 2.2: Apparent Specific Voiome, (l-Ve)/c (mi/g), as 
functions of temperature and concentration for 
the following systems: 




































































(c) Ovalbumin- Buffer System (pH 7.0) 
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Concentration Temperature K 






















































(e) Ovalbumin- Buffer System (pH 8.9) 
Concentration Temperature K 

























(f) Ovalbumin- Maltose-Buffer System (pH 8.9) 
Concentration Temperature K 


























Tabic 2.3: (p/po-Vo)/c as functions of temperature and 
concentration for the following systems: 



































(b) Ovalbumin-Maltose- Buffer System (pH 2.4) 
Concentration Temperature K 

























(c) Ovalbumin- Buffer System (pH 7,0) 
Concentration Temperature K 

























(d) Ovalbumin- Maltose- Buffer System (pH 7.0) 
Concentration Temperature K 


























(e) Ovalbumin- Buffer System (pH 8.9) 
Concentration Temperature K 

























(f) Ovalbumin- Maltose- Buffer System (pH 8.9) 
Concentration Temperature K 

























— 0 Table 2.4: Partial Specific Volume, v (ml/g), as functions 
of temperature and pU for the following systems: 
(a) Ovalbumin- Buffer System 
pH of the 
system 
Temperature K 



















(b) Ovalbumin- Maltose- Buffer System 














































( I I I i u i i | i i i i n i l i | M i i i i i i i i i i i i i i II l 
280.00 200.00 300.00 310.00 320.00 
Teinperature(K) 
Fig 2 . 1 ( Q ) Plots of partiol specific volume versus 















ooooQ pH 2.4 
* * * * * pH 7.0 
pH 8.9 
II n i l i i i | i i i 111II i | II l u i II i | I I I I I I 111 
280.00 290.00 300.00 310.00 320.00 
Teinperature(K) 
Fig 2.1(b) Plots of partial specific volume versus t empe r -
ature for ovalbumin-maltose system at different pH values 
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Table 2.5: Partial Specific Adiabatic Compressibility 
Os X lO^^cm^/dyne), as functions of temperature 
and pH for the following systems: 
(a) Ovalbumin- Buffer System 
pH of the Temperature K 




(b) Ovalbumin- Maltose- Buffer System 
pH of the Temperature K 
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Fig 2.2(a) Plots of partial specific adiobatic compressibility 
versus temperature for ovalbumin at different pH values 
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Fig 2.2(b) Plots of partial specific adiobatic compressibility 
versus temperature for ovalbumin—maltose system at different 
values 
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Vcav contributes positively and both terms have been known to tend to cancel 
almost completely. This makes it possible to calculate the partial specific volume 
of a protein as the sum of constitutive atomic or group volumes [11,145-147]. 
Since the constitutive atomic volume, V ,^ should be approximated as 
incompressible, the differentiation of equation 2.5 with pressure under adiabatic 
conditions give 
p;= - ( l / v " ) (dvVd?) 
S = -(i/v")[av«v/ ap + aAVsoin/ap] 2.6 
Thus, tiie partial ^cific adiabatic compressibility obtained experimentally for 
different systems is mainly contributed from the cavities and solvation. The first 
term in equation 2.6 contributes positively while the second term contributes 
negatively to 3s • As apparent from tables 2.5, the ps values for all the systems 
studied is positive suggesting the presence of highly compressible cavities in the 
protein molecules and that the effect of cavity has overcome tiiie solvation effect. 
An examination of table 2.4 shows that the partial specific volume v ,^ of 
ovalbumin at pH 7.0 is less than that at pH 2.4. and 8.9. This shows the native or 
compact form of protein at pH 7.0 upto 40.0 °C. At pH 2.4 and 8.9 the protein is 
denatured and the random coils are formed, this is evident from the higher values 
of v*^ . Comparison of tables 2.4 (a) and (b) reveals that the addition of maltose to 
the protein solution decreases the partial specific volume of the protein and thus 
decreasing the compressibility of the solution. The partial specific volume of the 
protein is directly related to its compressibility. An increase in the value of v^  
increases the value of Ps- The decrease in the values of v® and Ps after the addition 
of maltose may be attributed to the fact that the presence of sugar strengthen the 
pair-wise hydrophobic interactions between the hydrophobic groups [8] of the 
protein molecule thus maintaining the globular form of the protein in the solution. 
When tiie protein undergoes denaturation random coils are formed, therefore, there 
is an increase in the values of v^  and Ps at pH 2.4 and 8.9. 








Among the various thermodynamic parameters that have been derived from 
the ultrasonic velocity measurement, the internal pressure and the isothermal 
compressibility are known to be the key parameters in understanding the nature of 
molecular interactions in liquids. 
The internal pressure is a fimdamental property of the liquid state which 
helps in exploring the nature of intermolecular interactions in solutions. Dunlop 
et al [148] determined the internal pressure of different liquid mixtures and 
compared it with their cohesive energ>' density values. Stavely et al [149] 
predicted the interactions in liquid mixtures by comparing the internal pressure of 
individual components. Buchler and coworkers proposed another relation [150], 
which has been used for molten salts and liquid metals [97,151,152]. Isothermal 
compressibility has been widely evaluated by many workers for pure liquids 
[35,36], liquid mixture [80,153] and electrolytes. 
The Pseudo-Griineisen parameter, r , is a useful parameter for the study of 
thermodynamics of any system, and has been calculated by several workers 
[99,155]. 
Hildebrand and Scott introduced a parameter known as solubility parameter 
in the theory of solutions. It is tiie square root of the cohesive energy density. The 
importance of this parameter has been demonstrated by a number of workers 
[95,96]. 
Surface tension is an important phenomenon in the study of molecular 
chemistry. Its measurements find valuable applications in the biological sciences, 
particularly in bacteriology; the movement of moisture in the soil and the passage 
of sap in plants are only two of the many agricultural phenomena that involve 
surface tension. Various attempts have been made for theoretical evaluation of 
surface tension of liquids, molten salts, [31,156-163], but oiJy few attempts [164] 
have been made for aminoacid solutions. So in the present work we have tried to 
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evaluate the surface tension of aminoacids and protein solution using the equation 
given by McGowan. 
Consequently, we have evaluated the isothermal compressibility, the 
internal pressure, the solubility parameter, the Pseudo-Griineisen parameter and 
surface tension from the ultrasonic velocity and density measurements. 
THEORY: 
The following relation for isotiiermal compressibility has been given by 
McGowan [79], 
Pxa^'^ = 1.33x10^ 3.1 
where a is the surface tension and pi is the isothermal compressibility of tiie 
solutions. The Auerbach relationship [163] between the speed of sound (U) and the 
surface tension CT is given by 
U = [o/i6Axl0^p)f^ 3.2 
Thus from equations 3.1 and 3.2 we have 
pT= 1.33xlO-'/(6.4xlO"^U^'^p)^ 3.3 
This relation has been employed by a number of workers during recent years 
[92,156,157,165,166] in case of pure liquids, liquid mixtures, non-electrolytes, 
molten salts and Uquid metals. Another relation for isothermal compressibility has 
been proposed by J.D. Pandey [82], which is expressed as 
P T = (17.1xlO-^)/(T^U2p^^ 3.4 
This relation has also been employed by several workers for aminoacids and 
caihohydrates [68,167]. 
Internal pressure, Pj^  is expressed as 
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Pi = a T / p i 3.5 
where 3T is the isothennal compressibility obtained from equation 3.3 and a is the 
thennal expansion coefficient. 
a = -l/p(dp/dT)p 3.6 
The plots of p vs T give the value of (dp / dT)p. 
The solubility parameter, 8 , which is the square-root of cohesive energy 
density, can be calculated using tiie relation given by Hildebrand and Scott [84] 
i.e., 
6 = (aT/Pi f^ 3.7 
The Pseudo-Griineisen parameter, F, is calculated by using the expression 
r = y - l / a T 3.8 
where y is the iq)ecific heat ratio. It may be calculated by using Ae relation [153], 
P T = P.y 3.9 
RESULTS AND DISCUSSION 
The isotiiermal compressibility PT for ovalbumin-buffer systems, 
ovalbumin-maltose-bufifer systems and amino acid-urea-water systems have been 
computed using equations 3.3 and 3.4 both. The values of fh obtained for these 
systems are presented in tables 3.1 a-h. A fairly good agreement has been found 
between the PT values obtained from tiiese two relations. TTie plots of 3T as 
fimctions of concentration and temperature [3.1 a-h] show an inverse relationship 
of PT with temperature as well as the concentration of solutes indicating that die 
presence of incompressible ions or molecules increase with an increase in the 
concentration of the solution. In case of ovalbumin-maltose-buffer system, there is 
a marked decrease in pi indicating that tiie con^ressible nature of protein in 
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Table 3 .1: 
(a) 
Isothermal Compressibility, (pr & 10**,m^N'*), as 
functions of temperature and concentration for 
the following systems: 
Ovalbumin- Buffer System (pH 2.4) 
Concentration Temperature K 
























































<b) Ovalbumin- Maltose-Buffer System (pH 2.4) 
Concentration Temperature K 
g/ml 298.15 303.15 308.15 313.15 318.15 
0.000 3.3648 3.3508 3.3428 3.3379 3.3369 














































(c) Ovalbumin- Buffer System (pH 7.0) 
Concentrat ion Tempera ture K 
g/ml 298.15 303.15 308.15 313.15 318.15 
0.000 5.5999 5.5350 5.4786 5.4216 5.3845 













































(d) Ovalbumin- Maltose-Buffer System (pH 7.0) 
Concentrat ion Temperature K 

























































(e) Ovalbumin-Buffer System (pH 8.9) 
Concentrat ion Temperature K 
























































(f) Ovalbumin- Maltose-Buffer System (pH 8.9) 
Concentrat ion Temperature K 
g/ml 298.15 303.15 308.15 313.15 318.15 
0.000 3.3617 3.3512 3.3428 3.3388 3.3374 














































(g) L-Valine-Vrea-Water System 
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Concen t ra t ion Temperature K 
mol /kg 298.15 303.15 308.15 313.15 318.15 
0 .0000 5.8533 5.7831 5.7227 5.6678 5.6267 
6.0283 5.9201 5.8226 5.7317 5.6549 
0.0502 5.7854 5.7297 5.6650 5.6156 5.5686 
5.9661 5.8715 5.7704 5.6848 5.6029 
0.1008 5.7279 5.6806 5.6199 5.5694 5.5254 
5.9134 5.8267 5.7296 5.6432 5.5643 
0.1520 5.6778 5.6328 5.5778 5.5285 5.4897 
5.8674 5.7831 5.6914 5.6064 5.5323 
0.2035 5.6175 5.5789 5.5246 5.4737 5.4323 











0.3081 5.5189 5.4756 5.4250 5.3785 5.3450 











0.4144 5.4335 5.3715 5.3239 5.2861 5.2648 
5.6424 5.5441 5.4605 5.3874 5.3304 
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(h) L-Serine-Urea- Water System 
Concentration Temperature K 















































































































(The values given in bold have been calculated by Pandey's relation) 
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Fig 3.1(a) Plots of isothermal compressibility 
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Fig 3.1(b) Plots of isothermal compressibility versus 
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Fig 3.1(c) Plots of i so the rma l compressibi l i ty 
versus concentrat ion fo r ova lbumin a t pH 7.0 
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Fig 3.1(e) Plots of isothermal compressibi l i ty 
versus concent ro t ion tor ovalbumin o t pH 8.9 
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Fig 3 .1 (h) Plots of isothermal compressib i l i ty 
versus concentrat ion for L -se r i ne -u rea—wate r system 
84 
solution decreases in the presence of sugar and tiie extent of decrease in 
compressibility is different at different pH values. The variation of Pr with 
temperature and concentration follow the trend similar to that of ps hut the values 
of PT are slightly higher than those of Ps-
The computed values of internal pressure are listed in the tables 3.2 a-h. An 
examination of these tables reveals that as the temperature increases the values of 
P, increase. This increase in the values of Pj seems to be associated with 
(i) an increase in the repulsive forces and decrease in the attractive forces 
among the molecules of the solution. 
(ii) an increase in the kinetic energy of the system with temperature. 
The addition of maltose to ovalbumin-buffer system increases the internal pressure 
to a greater extent. Sugars strengthen different types of interactions occurring in 
the molecules of protein in solutions. This strengthening of interactions (or 
stabilization of protein) decreases the isothermal compressibility of the solution, 
which in turn increases the intemal pressure of the s>'stem. Internal pressure also 
varies with composition but no regular trend is observed in this case. 
The values of solubility parameter, 8, obtained as the square root of intemal 
pressure, are recorded in tables 3.3 a-h. The values of 6 increase with increase in 
temperature. Such an increase may be attributed to an increase in the cohesive 
energj' density which is the energy of isothermal vaporization from the liquid to 
the ideal state per unit volume of the liquid. The values of 6 show an irregular 
trend with composition. 
The values of Pseudo-Griineisen parameter, F, obtained by using equation 
3.8 are listed in tables 3.4 a-h. The values of F are found to decrease with the 
increase in temperature while an irregular trend is observed with the concentration 
of the solution. 
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Table 3.2: Internal Pressure (P|XlO"Nm"^), as functions of 
temperature and concentration for the following 
systems: 

























































































stem (pH 7.0) 
































(d) Ovalbumin - Maltose - Buffer System (pH 7.0) 






































(e) Ovalbumin - Buffer System (pH 8.9) 






































(f) Ovalbumin -Maltose- Buffer System (pH 8.9) 
Concentration Temperature K 
































(g) L' Valine-UTea-Water System 






























































(h) L- Serine-Urea-Water System 




































































Table 3.3: Solubility parameter [6 \ 10-^ (Nm"')"*! as 
functions of temperature and concentration for 
the following systems: 





















































































































(d) Ovalbumin- Maltose- Buffer System (pH 7.0) 
















































































(f) Ovalbumin- Maltose- Buffer System (pH 8.9) 











































































































































































Table 3.4: Psendo - Gruineisen parameter, T, as functions 
of temperature and concentration for tlie 
following systems: 






































(b) Ovalbumin- Maltose- Buffer System (pH 2,4) 
Concentration Temperature K 































(c) Ovalbumin-Buffer System (pH 7.0) 
Concentration Temperature K 
































(d) Ovalbumin- Maltose- Buffer System (pH 7,0) 
Concentration Temperature K 































(e) Ovalbumin-Buffer System (pH 8,9) 
Concentration Temperature K 











































































































































































































The plots of surface tension as functions of concentration and temperature 
are illustrated in figures 3.2 a-h. These plots show an increase in the surface 
tension a with an increase in concentration of the solution while it decreases with 
an increase in temperature. As is well known, surface tension of any liquid is a 
direct consequence of its cohesive forces, consequently, an increase in temperature 
effects fliese forces, which in turn, results in shght lowering of surface tension. 
Since the molecules at the surface of the solution are subject to tiie strong 
attractive forces of the interior molecules, the iiiCTcase in concentration increases 
Aese cohesive forces which results in an increase in surface tension with 
concentration. 
In case of amino acids valine and serine, valine has a non-polar side chain 
which induces structure in the water molecules and serine having a polar side 
chain undergoes hydrogen bonding with water molecules. Though they have 
different structures and different types of interactions with solvent molecules, there 
is a slight difference in the values of surface tension for valine and serine. This 
shows fliat the structure of amino acid does not effect much on the magnitude of 
surface tension. In case of protein, again, the addition of maltose increases the 
surface tension to a greater extent. This is due to the increased concentration of the 
solution. 
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Table 3 .5: Surface Tension (o x 10^, Nm' ' ) as funct ions of 
temperature and concentrat ion for the fol lowing 
systems: 
(a) Ovalbumin-Buffer System (pH 2.4) 
Concen t ra t ion Temperature K 
g/ml 298.15 303.15 308.15 3 1 3 1 5 318.15 
0.000 37.8009 38.0865 38 .3608 38.6235 38.7720 
0.004 37.8761 38.1620 38 .4253 38.6806 38.8596 
0.006 37.9099 38.1922 38 .4784 38.7264 38.9016 
0.008 37.9475 38.2414 38 .5163 38.7644 38.9511 
0.010 37.9927 38.2981 38 .5695 38.8292 38.9857 
(b) Ovalbumin-Maltose-Buffer System (pH 2.4) 
Concent ra t ion Temperature K 
g/ml 298.15 303.15 308.15 313.15 318.15 
0.000 53.8591 54.0098 54 .0952 54.1488 54.1593 
0.004 53.9482 54.0849 54 .1703 54.2232 54.2340 
0.006 54.0045 54.1460 54 .2315 54.2891 54.2904 
0.008 54.0749 54.2072 54 .2974 54.3501 54.3558 
0 .010 54.1453 54.2682 54 .3629 54.4156 54.4214 
(c) Ovalbumin-Buffer System (pH 7.0) 
Concent ra t ion Temperature K 
g/ml 298.15 303.15 308.15 313.15 318.15 
0.000 38.3515 38.6505 38 .9154 39.1875 39.3677 
0.004 38.4273 38.7268 38 .9881 39.2567 39.4295 
0.006 38.4501 38.7534 39 .0226 39.2953 39.4758 
0.008 38.4918 38.7839 39 .0570 39.3221 39.5104 
0.010 38.5260 38.8297 39 .1029 39.3797 39.5682 
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(d) Ovalbumiti'Maltose- Buffer System (pH 7.0) 
Concentrat ion Temperature K 
g/ml 298.15 303.15 308.15 313.15 318.15 
0.000 53.5739 53.6691 53.7269 53.7562 53 .7714 
0.004 53.6674 53.7579 53.8109 53.8358 53 .8509 
0.006 53.7422 53.8284 53.8718 53.8964 53 .9258 
0.008 53.8164 53.9025 53.9321 53.9614 53 .9906 
0.010 53.8913 53.9683 53.9881 54.0269 54.0421 
(e) Ovalbumin- Buffer System (pH 8.9) 
Concentra t ion Temperature K 
g/ml 298.15 303.15 308.15 313.15 318.15 
0.000 38.6666 38.9631 39.2291 39.4794 39.6567 
0.004 38.7085 39.0205 39.2906 39.5374 39 .7109 
0.006 38.7618 39.0703 39.3483 39.5915 39 .7417 
0.008 38.8228 39.1048 39.3868 39.6301 39 .7999 
0.010 38.8686 39.1431 39.4291 39.6803 39 .8387 
(f) 0\albumin-Maltose- Buffer System (pH 8.9) 
Concentra t ion Temperature K 
g/ml 298.15 303.15 308.15 313.15 318.15 
0.000 53.8924 54.0053 54.0952 54 .1384 54 .1537 
0.004 53.9863 54.0944 54.1798 54 .2230 54 .2334 
0.006 54.0611 54.1739 54.2546 54 .2930 54 .3081 
0.008 54.1551 54.2493 54.3298 54.3683 54 .3740 
0.010 54.2301 54.3246 54.4006 54 .4345 54 .4352 
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Fig 3.2(a) Plots of surface tension versus 
concentration for ovalbumin at pH 2.4 
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Fig 3.2(b) Plots of surface tension versus c o n c -
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Fig 3.2(c) Plots of surface tension versus 
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Fig 3.2(d) Plots of surface tension versus conc-
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Fig 3.2(e) Plots of surface tension versus 
concent ra t ion fo r ovalbumin at pH 8.9 
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Fig 3.2(h) Plots of surface tension versus 
concentration for L-serine—urea—water system 
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The study of viscous behaviour of macromolecules in solutions is important 
in understanding Ae mechanism of transport processes. Viscosity and its derived 
parameters provide valuable information regarding the shapes and sizes of tiiese 
molecules, as compact globular or rod like particles or flexible random coils. The 
sensitivity of viscosity to molecular structure makes it useful for monitoring the 
processes tiiat result in changes in the shapes and sizes of the molecules such as 
the denaturation of proteins, intermolecular cross-linking, intercalation of small 
molecules within the macromolecules etc. 
The evaluation of intrinsic viscosity [168] has been used for the detection of 
the conformational changes in proteins. For native globular proteins, intrinsic 
viscosity, [TJ], is of the order of 3-4 ml/g. It is independent of the molecular weigjit 
of protein. Its value goes on increasing as the protein undergoes denaturation. The 
shape factor, also determined from the viscosity measurement , is an important 
parameter providing information about the shape of the molecule during 
conformational changes. 
The viscosity data may also be analyzed in terms of Jones-Dole equation. 
The viscosity B-coefficients provide a structure-breaking or structure-making 
efifects of solutes on solvents. Therefore, in tiie present chapter, the viscosities of 
all tile systems (described earlier) are reported as functions of temperature and 
concentration of the solutions. From these data, reduced viscosity, tired , specific 
viscosity, risp, intrinsic viscosity, [r|] and the ^ape factor, v, were evaluated. 
Viscosity B-coefficients were evaluated for amino acid-urea-water systems instead 
of shape factor and intrinsic viscosity. 
THEORY 
The temperature dependence of viscosity is given by the following 
polynomial equation 
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ti = E^-oT}it' 4.1 
where t is in Kelvin. The experimental data of viscosity of pure solvent, TI, and tiiat 
of the solution, TI', may be expressed in tenns of specific viscosity. 
Tin. = W- nVn 4.2 
The quantity T^ ,^ , in die limit of infinite dilution, is proportional to die 
concentration, c, measured in grams per milliliter. Thus, Ae quantity ri^ p /c called 
die reduced viscosity must be independent of concentration at zero concentration. 
This limiting value of TIS^ C is called the intrinsic viscosity, [TI], 
[TI] = lun C-^ 0 TI^ /C = lim c-> 0 (TI' - TI)/ TIC 4.3 
[x]] is determined by measuring (r\'-r{)/r\c at various concentrations and 
extrapolating to zero concentration. An equivalent resuh is obtained by measuring 
1/c In TI'/T) and extrapolating to c = 0. 
Since \ni\'/r\ = hi[l+(Ti'-Ti)/Ti] 
in the limit of zero concentration (T '^ - ri)/Ti becomes very small so that the 
logarithm may be replaced by {r\' - y\)/r\ i.e., 
lim c-> 0 1/c hi TI'/TI = hm c ->0 (TI' - TI)/TIC 4.4 
The intrinsic viscosity of a protein can also be expressed in terms of partial 
^>ecific volume [168] 
[TI] = v(v'' + i:miVi^ 4.5 
where v is the Simha's or shape fector, mi is die mass of solvent in grams with 
partial specific volume Vi** bound to Ig dry weight of protein. The value of v is 2.5 
for spheres and larger for ellipsoids. If the native ovalbumin in phosphate bufifer 
binds only with water for which Vj*^  may be taken to be 1, die maximum amount of 
water bound to Ig of protein (^herical) may be calculated by setting v = 2.5 in 
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equation 4.5. Thus, the value of Z m, v,*^  turns out to be 0.29. Using this value in 
equation 4.5, the shape factor can be calculated. 
The viscosit>' B-coefficient of the Jones-Dole equation [118] has been 
determined according to the equation 
Ti, = Ti'/ri =1+Ac"^ + Bc + Dc^  4.6 
where c is the molar concentration (moles/liter); A, B and D are the coefficients to 
be determined. A- coefficients possess a non-zero value only for electrolytes where 
they are observed to be always positive, B-coefficients are positive for non-
electrolytes and either positive or negative for electrol>'tes. B-coefficients 
presuinably measure the size and shape effect of tiie solute as well as the structural 
modification induced by solute- solvent interaction [101]. The significance of D-
coefficients is not clearly understood. 
RESULTS AND DISCUSSION 
The coefficients of equation 4.1 are given in tables 4.1 along with the 
standard de\iation. The experimental values of viscosit>' of the systems under 
investigation are plotted as functions of concentration and temperature in figs. 4.1 
(a-h). The plots show an increase in the values of \iscosity with an increase in the 
concentration of the solution while an inverse relation is observed with 
temperature. The increase in the concentration of the solute increases the firictional 
forces (the attracti\'e forces) between the neighbouring portions of ihe solution and 
therefore, increases its \iscosit>'. When maltose is added to the protein solution 
there is 6 to 8 times increase in the viscosity of solutions (tables 4.2 a-f). 
The values of specific viscosity, risp and the reduced \iscosit>', tired, are 
plotted as functions of concentration and temperature (figs 4.2 and 4.3). The 
specific viscosit>' is the concentration dependent quantity while the reduced 
\iscosity does not show any concentration dependence, rjsp increases with the 
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Tabic 4.1: Least-squares fit parameters of equation 4.1 for 
tlie following systems: 










































































































































(e) 0\albumin-Buffer System (pH 8.9) 
Concentration 




























(f) Ovaibumin-Maltose-Buffer System (pH 8.9) 
Concentration 





























(g) L'Valine-Urea-Water System 






















- 1 . 8 5 8 6 8 
- 1 . 8 3 9 5 9 
- 1 . 8 1 9 4 4 
- 1 . 9 5 1 1 3 
- 1 . 9 4 1 9 9 
- 1 . 9 2 5 2 0 
- 2 . 0 3 2 1 8 
- 2 . 1 0 9 6 6 






















(h) L-Serine-Urea-Water System 
























- 1 . 4 7 0 7 3 
- 1 . 4 9 8 2 9 
- 1 . 6 6 1 9 3 
- 1 . 7 3 4 3 9 
- 1 . 8 7 3 0 3 
- 1 . 8 6 1 3 7 
- 1 . 9 7 8 4 9 
- 1 . 7 7 4 2 8 
- 1 . 9 8 0 7 6 













D e v n . ( x i o ' ) 
06 .9666 
02 .2289 











Experimciital values of v i scos i ty (TIXIO kgiii~ s" ) 
as functions of temperature and concentration 
for the following systems: 






































(b) Ovalbumin-Maltose-Buffer System (pH 2.4) 
Concentra t ion Temperature K 






76.7010 65.1001 55.1912 46.7590 40.0012 
77.6901 65.9695 56.0498 47.5455 40.7563 
78.4100 66.6510 56.5895 48.0012 41.2596 
79.0486 67.2540 57.1125 48.6404 41.8000 
79.7509 67.8015 57.6412 49.1016 42.4377 
(c) Ovalbumin-Buffer System (pH 7.0) 
Concentrat ion Temperature K 
































(d) Ovalbumin-Maltose-Buffer System (pH 7.0) 
Concentra t ion Temperature K 






75.7915 63 .6500 53.6290 45 .4979 38 .9610 
76.8654 64.5790 54.4705 46 .3164 39 .6904 
77.8050 65 .4909 55.1498 47 .0224 40 .4564 
78.6666 66.2801 55.8470 47 .5343 40 .9407 
79.2207 67 .0010 56.5000 48 .3187 41 .6361 
















































77.9485 65 .0603 54.7932 46 .6638 40 .4593 
78.9768 66 .0671 55.7813 47 .5506 41 .2468 
79.4577 66 .6949 56.4900 48.2013 41 .8206 
79.9323 67 .3781 57.2046 48 .7490 42 .2868 
80.7904 68 .0733 57.9665 49.4463 42 .9390 
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Fig 4.1(a) Plots of viscosity versus 
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Fig 4 .1 (b) Plots of viscosity versus c o n c e n -
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Fig 4 ,1 (c ) Plots of viscosity versus 







g 20, 000 -
0.000 I I I I I I I I r I M I I I I I I I I M r 
0.000 0.003 0.005 0.008 0.010 
Concentralion(g/ml) 
Fig 4.1(d) Plots of viscosity versus c o n c e n -
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Fig 4". 1(e) Plots of viscosity versus 
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Fig 4-. 1(g) Plots of viscosity versus c o n c -
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Fig 4.1(h) Plots of viscosity versus conc-
entration for L—serine—ureo-woter system 
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Table 4.3: Specific Viscosity, ri.p, as functions of t empera-
ture and concentrat ion for the following systems: 
(a) Ovalbumin- Buffer System (pH 2.4) 































(b) Ovalhumin-Maltose-Buffer System (pH 2.4) 
































(c) Ovalhumin-Buffer System (pH 7.0) 





































































































































(g) L- Valine-Urea- Water System 























































(h) L'Serine-Urea- Water System 
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4£JiAii 303.15 k 
xx>,x- 303.15 k 
*±jLt* 313.15 k 
• • • • • 318.15 k 
I I I I I I I I I I I I I I I I I I I I I I 
0.000 0.003 0.005 0.000 0.010 
ConcentraUon(g/inl) 
Fig 4 .2(a) Plots of specific v iscos i ty 
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Rg 4 .2 (b ) Plots of specif ic viscosity versus c o n c -
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Fig 4 .2 (e ) Plots of specif ic v iscosity versus 
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Fig 4 . 2 ( f ) Plots of specific viscosity versus cone— 
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Fig 4.2(g) Plots of speci f ic viscosity versus 
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Fig 4.2(h) Plots of speci f ic viscosity versus 
concentrat ion for L—serine—urea—v/ater sys tem 
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Table 4.4: Reduced Viscosity, (tiren* n»l/g) «« functions of 
temperature and concentration for the following 
systems: 
































(b) Ovalbumin-Maltose-Buffer System (pH 2.4) 
Concentration Temperature K 

























(c) Ovalbumin-Maltose-Buffer System (pH 7.0) 
Concentration Temperature K 


























(d) Ovalhumin-Maltose-Buffer System (pH 7.0) 
Concentration Temperature K 
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Fig 4.3(c) Plots of reduced viscosity 
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increase in concentration and temperature while iired increases witili the increase in 
temperature only. 
The intrinsic viscosity is obtained by plotting the reduced viscosity as a 
function of concentration and extrapolating it to c=0, so the intrinsic viscosity is 
the reduced viscosity at infinite dilution. An examination of the tables 4.5 (a-b) 
show that the value of [r\] lies between 3-4 ml/g in the temperature range of 25.0** 
to 40.0° C at pH 7.0. This represents the native state of ovalbumin. The value of 
[TI] increases with the increase in temperature of the system and its value goes 
beyond 4 ml/g after 40.0** C. This shows that denaturation has just started. 
Proteins are stabilized generally by a combination of hydrogen bonding, 
electrostatic interactions and hydrophobic interactions with additional 
contributions in particular proteins fi^om cross-linking, metal complexing etc. Of all 
these, the hydrophobic interactions provide the major contribution to stabilizing 
tiie globular form of most soluble proteins. In discussing the effect of maltose on 
the stability of ovalbumin, we have to consider the effects of maltose sugar on 
these various forces and interactions. 
In aqueous solutions of proteins there is a cooperative hydrogen bonded 
structure [8] in which water competes as both donor and acceptor with backbone 
and side chain groups in the protein. When sugar is added to the protein solution 
the individual OH groups of sugar may also compete for hydrogen bonding but 
this effect is very small. 
The aqueous solutions of sugars have low dielectric constant [169] than 
pure water iadicating that the electrostatic interactions should be stronger in tiiese 
solutions than in pure water. However, this contribution to the stabilizing effect 
must be relatively small as compared to the hydrophobic interactions. 
Hydrophobic interactions are generally considered to be the major single 
factor in stabilizing the three dimensional structure of proteins [170]. In aqueous-
organic mixed solvents, hydrophobic interactions depend on tiie solvent structure. 
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Table 4,5: Intrinsic Viscosity, (lilJ,nil/g) as functions of 
temperature and pH of the following systems: 
(a) Ovalbumin- Buffer System 
pH of the Temperature K 



















(h) Ovalhumin-Maltose-Buffer System 
pH of the Temperature K 
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Table 4.6: Shape factor, v, of ovalbumin as functions of 
temperature and pH of the following systems: 
(a) Ovalbumin- Buffer System 

























(h) Ovalbumin-Maltose-Buffer system 
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with maximum hydrophobic interactions occurring in those solvent mixtures in 
which the three dimensional structure of water is most developed [171]. Evidence 
derived from both spectroscopy and thermodynamics shows that sugars interact 
with water to an extent, which depends upon their molecular structure [172]. Sugar 
molecules induce structure in the water molecules surrounding Aem [172]. The 
protective action of sugars on proteins can be attributed to the £act that sugars may 
replace a certain number of water molecules that are hydrogen bonded to the 
structure in a way similar to water itself creating a hydrophilic surface. This would 
result in a solvent s>'stem where the already exposed peptide attached with non-
polar groups in the native protein molecule would have a tendency to enter into the 
protein interior due to unfavorable environment produced by sugar molecules. 
Similar groups in the interior •f the protein would find an even more unfavorable 
environment in sugar solutions tiian in pure water on Aeir exposure. This would 
result m more stability of a protein molecule in diese solvents and would reduce 
the extent of denaturation of protein molecules induced thermally or by extremes 
of pH or other denaturing agents. 
An examination of tables 4.5 a and b show Aat ovalbumin undergoes 
denaturation at the extremes of pH, hence the value of [r\] is very large. The 
addition of maltose sugar to the protein stabilizes it through increased hydrophobic 
interactions, therefore, in tiiis case the trend of variation of [r|] is the same as that 
at pH 7.0. This indicates that the extent of stabilization is nearly Ae same from pH 
2.4 to 8.9 and tiie stabilization is independent of pH. 
The values of shape factor follow exactly Ae same pattern as that of ["n]. 
Fig 4.5 (a) clearly indicates that the thermal unfolding of the protein occurs in 
steps while die stepwise stabilization of modified protein is not so pronounced (fig 
4.5 b). 
The viscosity coefficients for amino acid-urea-water systems have been 
e?q)ressed interms of Jones-Dole equation. Amino acids are dipolar ions in 
solutions. The viscosities of solutions of dipolar ions di^lay non-electrolyte 
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behaviour, therefore, no A-coefiGcient is required to fit the data and equation 4.6 
becomes. 
Ir = (I'/ii) = 1+ Be + Dc^ 4.7 
% / € = ( v i V f c = B o + D c * 
For each dipolar ion and die temperature a plot of (rir-lVc vs c was constructed 
and die B-coe£Bcient was evaluated fi-om the intercept and die D-coefficient fix>m 
the slope. Figures 4.6 (a) to (d) show plots of the data obtained for amino acids 
L-valine and L-serine in urea-water mixtures at various tenq)eratures. Results 
obtained for die B and D-coefficients are tabulated in table 4.8. 
When a solute is dissolved in a solvent a hole is made in the liquid 
rupturing the intennolecular bonds and the solute is inserted. Some of the solvent 
molecules are attached with the ions because of ion-solvent interactions and tiiis 
causes an increase in the viscosity of the solution. This contributes positively to the 
viscosity B-coe£Gcient. On die other hand, die breaking of die solvent structure by 
solutes causes a decrease in the viscosity and thus contributing negatively to die B-
coefficient. Thus, die B-coefficient is the resultant of diese two oj^site forces 
[19]. Therefore, die molecules/ions exhibiting negative B-coefficient have been 
assumed to exert a structure-breaking effect on the solvent, while ions with 
positive B-coefficients arc termed structure-making. In the present case, L-valinc 
belongs to the category of amino acids having hydrocarbon chain while L-serine 
belongs to the group c(Hitaiimig a hydroxyl group attached to the hydrocarbon 
chain of die amino acid. But according to the tables 4.8, when die data was 
compared it was found diat in an amino acid die charge distribution is less 
important dian the size and structure of the hydrocarbon chain in determining the 
viscosities [119]. Due to dieir large size both the amino acids contain significant 
poative core contributicms to die B-coefficient v^ch exceeds any negative 
contribution due to a structure-breaking effect on the solvent A large enough ion 
OT molecule will necessaily exhibit a positive B-coeflBcient. Therefore, the sign of 
dB/dT appears to be a more straight-forward indicate of die structure-breaking or 
making ability than die sign or size of die B-coefficient [119]. A positive dB/dT 
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Table 4.7: ii,p/c (I moF^) as functions of temperature and 
concentration for tlic following systems: 
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indicates a structure-breaking ion or molecule and a negative sign, a structure-
making one. In this case, the B-value for serine increases with the increase in 
temperature upto 35° C. Since dB/dT is positive, we can classify it as a structure-
breaker in urea-water mixture. Its structure-breaking property is due to the 
presence of a polar R group which is involved in the hydrogen bonding witii die 
solvent molecules resulting in tiie breaking of solvent components. We observe a 
decrease in the value of B-coefiBcient after 35° C, i.e., a negative dB/dT at 40° and 
45 °C. This might be a result of decrease in solvation at higher temperatures. As 
evident from fig 4.7, the B-coefificient for valine decreases with increase in 
temperature. Since dB/dT is negative, we can say that valine is structure^naker. Its 
structure-making property is due to the presence of hydrophobic (apolar) R group 
which stabilizes the structure of the solvent through hydrophobic hydration with 
tiie solvent components. In this case the probability of hydrogen bonding between 
die molecules of the solvents is increased by forming solvent clathrate around die 
hydrophobic moiety. 
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Table 4.8: B and D coefficients of equation 4.7 for relative 
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